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1
HEAT EXCHANGER

BACKGROUND OF THE INVENTION

Exemplary embodiments of this invention generally relate
to environmental control systems of an aircraft and, more
particularly, to a primary heat exchanger of such an envi-
ronmental control system.

Environmental control systems (ECS) for aircrafts and
other vehicles are utilized to provide a conditioned airflow
for passengers and crew within an aircraft. One type of
environmental control system generally operates by receiv-
ing fresh air into a ram air intake located near the ECS
equipment bay. The fresh ram air is supplied to at least one
electric motor-driven air compressor that raises the air
pressure to, for example, the desired air pressure for the
cabin. From the at least one air compressor, the air is
supplied to an optional ozone converter. Because air com-
pression creates heat, the air is then supplied to an air
conditioning pack in which the air is cooled before being
transported to the cabin.

As the size of aircraft cabins increase, the demands placed
on the ECS also increase. An ECS having a conventional
primary heat exchanger has difficulty meeting the greater
cooling requirements of such an aircraft.

BRIEF DESCRIPTION OF THE INVENTION

According to one embodiment of the invention, a primary
heat exchanger for use in an environmental control system
of an aircraft is provided having a rectangular core. The core
includes a plurality of alternately stacked first fluid layers
and second fluid layers. The core has a length to width ratio
of'about 4.88 and a width to height ratio of about 2.37. A first
header is positioned adjacent a first surface of the core and
a second header is positioned adjacent a second opposite
surface of the core. The first header and the second header
form a portion of a flow path for a first fluid. An inlet flange
is positioned adjacent a third surface of the core. An outlet
flange is positioned adjacent a fourth, opposite surface of the
core to form a portion of a flow path for a second fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter, which is regarded as the invention, is
particularly pointed out and distinctly claimed in the claims
at the conclusion of the specification. The foregoing and
other features, and advantages of the invention are apparent
from the following detailed description taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a perspective view of a portion of an environ-
mental control system of an aircraft;

FIG. 2 is a perspective view of a primary heat exchanger
according to an embodiment of the invention;

FIG. 3 is an alternate perspective view of a primary heat
exchanger according to an embodiment of the invention;

FIG. 4 is a perspective view of a primary heat exchanger
core according to an embodiment of the invention;

FIGS. 5A and 5B are front and side views of an exemplary
first fluid layer according to an embodiment of the invention;

FIGS. 6A and 6B are front and side views of an exemplary
second fluid layer according to an embodiment of the
invention; and

FIG. 7 is a front view of an exemplary second fluid layer
having a thin fin configuration according to an embodiment
of the invention.
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The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIG. 1, a portion of an environmental
control system (ECS) used on an aircraft, such as an air
conditioning ECS pack 100 for example, is illustrated. The
ECS typically includes various components such as, for
example, a vapor cycle system, turbo compressors, a pri-
mary heat exchanger 110, and other components which are
closely packaged to define an ECS pack 100. The ECS pack
100 is mounted within an ECS bay of the aircraft. In one
embodiment, the ECS pack 100 is mounted adjacent a front
spar 10 and a keel beam 20 at the interface between the
aircraft fuselage and a wing.

Referring now to FIGS. 2 and 3, two different views of a
primary heat exchanger 110 of the ECS pack 100 are shown.
The primary heat exchanger 110 is generally rectangular in
shape and is structurally supported by a core 112. The core
112 of the heat exchanger 110 is centrally located, between
two substantially similar hot headers 114, 118. The first and
second hot header 114, 118 are fluidly connected to a first
surface 1124 and a second surface 1126 of the core 112
respectively, to create a fluid flow path through the core 112.
In one embodiment, the hot headers 114, 118 are generally
D shaped and are constructed of extruded aluminum. An
inlet flange 122 and an outlet flange 124 border a third
surface 112¢ and a fourth surface 112d of the heat exchanger
core 112. The third surface and fourth surface 112¢, 112d are
opposing surfaces and are distinct from the first and second
opposing surfaces 112a, 1125. In one embodiment, the inlet
and outlet flanges 122, 124 border the surfaces of the core
112 having the largest surface area.

At least one mount 130 and a transition plate 140 are
connected to opposing fifth and sixth surfaces 112¢, 112f of
the core 112 respectively, adjacent the inlet and outlet
flanges 122, 124. In one embodiment, the transition plate
140 is located at the fore and the mount 130 is aft of the heat
exchanger core 112. In one embodiment, a mount, such as a
primary mount 130 for example, is connected to the surface
of the core 112 having the smallest surface area. A primary
mount 130 is positioned centrally on the fifth surface 112e¢
of the core 112. The primary mount 130 interfaces with
another surface of the ECS pack 100 (FIG. 1) to hold the
primary heat exchanger 110 in a desired position. For
example, the primary mount 130 may constrain movement
of the primary heat exchanger 110 in two degrees of free-
dom. A fail safe mount 132 may also be attached to the fifth
surface 112e of the core 112 for use in the event that the
primary mount fails 130. In one embodiment, fail safe
mounts 132, 134 are positioned on opposing sides of the
primary mount 130. The transition plate 140 generally
extends to an outside surface of each hot header 114, 118 and
includes a first opening 142 adjacent an end of the first hot
header 114 and a second opening 144 adjacent an end of the
second hot header 118. In one embodiment, the first and
second openings 142, 144 have a shape generally comple-
mentary to the cross-section of each hot header 114, 118
(e.g., D-shaped). Aheader cap 116, 120 may connect the first
and second openings 142, 144 in the transition plate 140 to
the adjacent ends of the first and second hot headers 114, 118
respectively.

Details of the construction of the core 112 of the primary
heat exchanger 110 are illustrated in FIGS. 4-7. More
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particularly, the core 112 of the primary heat exchanger 110
has a plate-fin construction with crossflow of a first warm
fluid and a second cool fluid there through. An exemplary
core may have depth D to width W ratio of about 4.88 and
a width W to height H ratio of about 2.37. In one embodi-
ment, the core 112 has a width W of about 14.7 inches (37.34
cm), a height H of about 6.2 inches (15.75 cm) and a depth
D of about 71.702 inches (182.12 cm). The core 112 of the
heat exchanger 110 includes a plurality of first fluid layers
200 and second fluid layers 300. The first fluid layers 200
have a fluid pathway such that a first warm fluid, such as
warm compressed air fir example, flows through the core
112 in a first direction, indicated by arrow F1. The second
fluid layers 300 have a fluid pathway such that a second cool
fluid, for example cool RAM air, flows through the core 112
in a second direction, indicated by arrow F2. In one embodi-
ment, the direction of the second fluid flow is perpendicular
to the direction of the first fluid flow. The first and second
fluid layers 200, 300 are alternately stacked along the depth
D of the core. Thin plates 400 separate adjacent fluid layers
200, 300. In one embodiment, the plates have a thickness of
about 0.014 inches (0.036 cm).

Referring to FIGS. 5A, 5B, 6A and 6B, an exemplary first
fluid layer 200 and second fluid layer 300 are illustrated.
Each first fluid layer 200 and second fluid layer 300 has a
plurality of corrugated fins 202, 302 that form a fluid
pathway across each fluid layer. The corrugated fins 202 of
the exemplary first fluid layer 200 extend from adjacent a
first, inlet edge to a second, outlet edge. The distance that the
first fluid flows across the first fluid layer 200, between the
inlet and outlet edges, is the first fluid flow length IIl.
Similarly, the corrugated fins of the exemplary second fluid
layer 300 extend from adjacent a first, inlet edge of the layer
to adjacent a second, outlet edge of the layer. The distance
a second fluid flows across the second fluid layer is the
second fluid flow length LF2. The configurations of the
corrugated fins 202, 302 of the first and second fluid layers
200, 300 are defined by a fin height, a fin thickness, and the
number of fins per length. The other edges of the layers,
excluding the inlet and outlet edges are covered by closure
bars, to prevent fluid flow in an alternate path.

The fin configurations of both the first fluid layers 200 and
the second fluid layers 300 vary based on the position of the
layer within the core 112. The portion of the fluid layers 200,
300 adjacent the transition plate 140 and the primary mount
130 have “thicker” fin configurations than the centrally
located portions of layers 200, 300. In one embodiment, a
second fluid layer 300 having an extra thick, transition fin
configuration is positioned directly adjacent the transition
plate 140 and the mount 130. The fins in such an extra thick
transition fin second fluid layer 300 may have a fin height of
about 0.5 inches (1.27 cm), a fin thickness of about 0.005
inches (0.127 cm) and a fin frequency of about 24 fins per
inch (9.45 fins per cm). In one embodiment, only two extra
thick second fluid layers 300 are used within the core 112.

Adjacent the extra thick second fluid layer 300 are at least
one first fluid layer 200 having a “thick” fin configuration
and at least one second fluid layer 300 having a “thick” fin
configuration. At least one thick fin first fluid layer 200 and
one thick fin second fluid layer 300 are also positioned at an
opposite end of the core 112 adjacent the mount 130. The
thick fin configurations of the first fluid layer 200 and the
second fluid layer 300 are not identical. In one embodiment,
the thick fin first fluid layer 200 has a fin height of about
0.324 inches (0.86 cm), a fin thickness of about 0.005 inches
(0.127 cm) and a fin frequency of about 20 fins per inch
(7.87 fins per cm). In one embodiment, the thick fin second
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fluid layer 300 has a fin height of about 0.5 inches (1.27 cm),
a fin thickness of about 0.005 inches (0.127 cm) and a fin
frequency of about 20 fins per inch (7.87 fins per cm).

The majority of the core 112 includes first fluid layers 200
having a thin fin configuration and second fluid layers 300
having a thin fin configuration. For example, the core 112
may include about 80 thin fin first fluid layers 200 and about
80 thin fin second fluid layers 300. The thin fin configura-
tions of the first fluid layer 200 and the second fluid layer
300 are not identical. In one embodiment, a thin fin first fluid
layer 200 has a fin height of about 0.324 inches (0.86 cm),
a fin thickness of about 0.003 (0.0076 cm) inches and a fin
frequency of about 20 fins per inch (7.87 fins per cm). In one
embodiment, a thin fin second fluid layer 300 has a fin height
of'about 0.5 inches (1.27 cm), a fin thickness of about 0.003
inches (0.0076 cm) and a fin frequency of about 20 fins per
inch (7.87 fins per cm). Referring to FIG. 7, the fin con-
figuration of a thin fin second fluid layer 300 is not uniform
across the flow length of the layer. In one embodiment,
adjacent the inlet and outlet of each thin fin second fluid
layer 300 is a corrugated guard fin 320. The guard fin 320 of
a thin fin second fluid layer 300 may have a fin height of
about 0.5 inches (0.86 cm), a fin thickness of about 0.008
inches (0.02 cm) and a fin frequency of about 9 fins per inch
(3.54 fins per cm).

The primary heat exchanger 110 is an air to air, single pass
heat exchanger. A first fluid passes through the first opening
142 of the transition plate 140 into the first hot header 114.
The pressure of the first fluid entering the first hot header 114
causes the first fluid to move not only longitudinally along
the length of the hot header 114, but also in a perpendicular
direction through the core 112. The first fluid then enters the
second hot header 118 on the opposite side of the core 112,
where it exits through the adjacent opening 144 in the
transition plate 140. At the same time, a second fluid enters
the third surface 112¢ of the core 112 having a connected
inlet flange 122. The second fluid travels through the core
112 in a direction perpendicular to the flow of the first fluid,
and exits at the opposite fourth surface 1124 of the core 112
having a connected outlet flange 124.

The primary heat exchanger cools hot compressed air
from the ECS using cool air from the RAM. Due its
increased size, the primary heat exchanger 110 is able to
reduce the temperature of the hot compressed air about 250°
F. In addition, the heat exchanger 110 provides structural
support for the ECS.

While the invention has been described in detail in
connection with only a limited number of embodiments, it
should be readily understood that the invention is not limited
to such disclosed embodiments. Rather, the invention can be
modified to incorporate any number of variations, altera-
tions, substitutions or equivalent arrangements not hereto-
fore described, but which are commensurate with the spirit
and scope of the invention. Additionally, while the various
embodiments of the invention have been described, it is to
be understood that aspects of the invention may include only
some of the described embodiments. Accordingly, the inven-
tion is not to be seen as limited by the foregoing description,
but is only limited by the scope of the appended claims.

The invention claimed is:
1. A primary heat exchanger for use in an environmental
control system of an aircraft, comprising:
a rectangular core having a plurality of alternately stacked
first fluid layers and second fluid layers, the rectangular
core having a depth to width ratio of about 4.88 and a
width to height ratio of about 2.37;



US 9,448,010 B2

5

a first header substantially coextensive to a first surface of
the core and a second header substantially coextensive
to a second, opposite surface of the core, wherein the
first header and the second header form a portion of a
flow path for a first fluid; and

an inlet flange adjacent a third surface of the core and an
outlet flange adjacent a fourth, opposite surface of the
core, wherein the inlet flange and outlet flange form a
portion of a flow path for a second fluid;

at least one mount adjacent a fifth surface of the core for
coupling the primary heat exchanger to the aircraft; and

a transition plate having a first opening adjacent an end of
the first header and a second opening adjacent an end
of the second header;

wherein each of the first fluid layers and the second fluid
layers includes a plurality of corrugated fins that extend
from an inlet edge to an outlet edge to form a flow path
for a fluid, and a fin configuration of at least one of the
first fluid layer and the second fluid layer being con-
figured to vary based on a position of the first fluid layer
or second fluid layer within the rectangular core.

2. The primary heat exchanger according to claim 1,
wherein the rectangular core has a width of about 14.7
inches (37.34 cm), a height H of about 6.2 inches (15.75 cm)
and a depth D of about 71.7 inches (182.12 cm).

3. The primary heat exchanger according to claim 1,
wherein at least one first fluid layer includes a plurality of
corrugated fins having a fin height of about 0.324 inches
(0.86 cm), a fin thickness of about 0.005 inches (0.0127 cm)
and a fin frequency of about 20 fins per inch (7.87 fins per
cm).

4. The primary heat exchanger according to claim 1,
wherein
at least one first fluid layer includes a plurality of corrugated
fins having a fin height of about 0.324 inches (0.86 cm), a
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6
fin thickness of about 0.003 inches (0.0076 c¢cm) inches and
a fin frequency of about 20 fins per inch (7.87 fins per cm).

5. The primary heat exchanger according to claim 1,
wherein
at least one second fluid layer includes a plurality of corru-
gated fins having a fin height of about 0.5 inches (1.27 cm),
a fin thickness of about 0.005 inches (0.0127 ¢cm) and a fin
frequency of about 24 fins per inch (9.45 fins per cm).

6. The primary heat exchanger according to claim 1,
wherein
at least one second fluid layer includes a plurality of corru-
gated fins having a fin height of about 0.5 inches (1.27 cm),
a fin thickness of about 0.005 inches (0.0127 ¢cm) and a fin
frequency of about 20 fins per inch (7.87 fins per cm).

7. The primary heat exchanger according to claim 1,
wherein at least one second fluid layer includes a plurality of
corrugated fins having a fin height of about 0.5 inches (1.27
cm), a fin thickness of about 0.003 inches (0.0076 cm) and
a fin frequency of about 20 fins per inch (7.87 fins per cm).

8. The primary heat exchanger according to claim 7,
further comprising a plurality of guard fins adjacent the inlet
edge and outlet edge of the second fluid layer, wherein the
guard fins have a first fin configuration and the plurality of
corrugated fins have a second, different fin configuration.

9. The primary heat exchanger according to claim 8,
wherein the guard fins have a fin height of about 0.5 inches
(0.86 cm), a fin thickness of about 0.008 inches (0.02 cm)
and a fin frequency of about 9 fins per inch (3.54 fins per
cm).

10. The primary heat exchanger according to claim 1, the
flow path of the plurality of first fluid layers is perpendicular
to the flow path of the plurality of second fluid layers.
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